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THE EFFECTS OF EQUAL- PEES SURE FIXED SLOTS ON THE 
CHARACTERISTICS OF A CLARK Y AIRFOIL 
By Albert Sherman and Thomas A. Harris 



SUMMARY 



A type of fixed open slot so arranged that no flow 
would pass through it at a lift coefficient corresponding 
to high-speed flight was investigated in the N.A.C. A. 7 
by 10 foot wind tunnel to determine the possibilities of 
such a high-lift device for increasing the speed-range 
ratio of a wing. The condition of no through flow was 
achieved by locating the slot openings at points of equal 
static pressure at the design lift coefficient as deter- 
mined from the pressure distribution about the plain wing. 
Two models of Clark Y wings with such equal-pressure slots 
were tested and the smoke-flow patterns about them observed. 

The results of this investigation show that the condi- 
tion of no air flow through the slot at the desired lift 
coefficient is attainable. The surface discontinuities 
produced by the slot openings have , however »• such a large 
effect on the drag that such slots show little promise. 
An appreciable increase is produced in the maximum lift 
and the speed- range ratio can be as high as for the plain 
wing. 

INTRODUCTIOH 



One of the devices applied to a wing to increase its 
speed-range ratio that is often favorably regarded because 
of its mechanical simpli city is the fixed open slot In 
some of its forms the fixed open slot has an adverse ef- 
fect on the speed- range ratio as in the case of the lead- 
ing-edge slots of reference 1. A slot near the trailing 
edge (reference 2) affords some increases in maximum lift 
and speed-range ratio.. A very effective type of fixed open 
slot is that of the fixed auxiliary airfoil {reference 3), 
The ai* flo% about the auxiliary airfoil and through the 
slot between it and the main wing is relatively smooth at 
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low angles of attack, thus producing but little drag in- 
crease in return for the decided improvement in maximum 
lift. 

In the investigation reported herein, a form of fixed 
open alot was tried whose- lower and upper surface openings 
were located at points of equal static pressure as deter*- 
mined from the pres sure Ms* ritat ion atput the plain wing 
at a lift coefficient corresponding to high-speed flight • 
XTo air should flow through such a slot at the equal-pres- 
sure-.condition; it was therefore expected that the high- 
speed drag would he increased "but little he cause the addi- 
tional skin, f riction and disturbance of the f low about the 
wing , produced- by air passing through the slot are elimi- 
nated* . The .speed-range ratio would then be improved should 
a substantial gain in maximum lift be experienced. In or- 
der, to investigate the possibilities of such a slot two 
models of .Clark T wings'- with equal-pressure fixed slots 
covering the range of probable shapes were accordingly, 
tested. '[ 

APPARATUS 4P 'TESTS 

Apparatus #- The tests were made in-. the H # A. C .A. f 7 by 
10 foot open- jet wind. ' tunnel ♦ In this tunnel the model * " 
is mounted on the; balan*ce v spindle in such a manner that ^ * 
the forces .and moments at 'the quarter-chord point . pf the 
mid-section of the model* are measured directly- in coeffi- 
cient form. A complete description of the ..tunnel and hal~ 
ance may be found in reference 4. 

Models Two Clark Y wing'models of 10- inch chord by 
60-inch span were tested, both as plain wings and as wings 
with equal-pressure slots 1 and 2. (See figs. 1, 2, and 
3/) The models wera constructed of l$.min&ted mahogany 
to a precision of ±0*005 inch* The leading-edge portion 
of slot 1 was held in place by means of small metal brack*? 
e$s l/$2 inch tliick* !£he two pieces, of the model with 
slot 2^jrere^ hel4 together with streamline.. .^!^0.'o^> m^p^^m 
The upper exit of this* slot-was bounded by l/32-iiich sheet 
metal , which al.sc formed' the-* supper surface. .of,, %h^ : wing in 
^ij^^ fikpitiLi^p^ % The; opening's, of .the. slot.s wer£ t located at 
points thaV wSre at equal 2 's^tat ic pressure <i>i\! .a,\llf £** .<jp 
f icien^t of 0.2* as det A e^mined from the- pressure ^ i^0't^l■ < &4^* , •''" 
tion about "the plain wing. ( See fig. 1.) The pressure 
distribution for "20 atmospheres pressure taken from the 
original data for reference 5 was used. 
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The sizes of the openings were the same as those found 
to be "best in a previous investigation and the shape of the 
lower- surf ace opening agreed as nearly as possible with the 
best shape* (See reference I*) The upper- surf ace opening 
was so arranged that the air would be directed as nearly 
tangential to the upper surface of the wing as possible. 

Slot 1 (figs, 1 and 2) was located near the leading 
edge of the wing where the pre s stxre distribution for the 
plain wing showed a large difference in pressure between 
the upper- surf ace and lower- surf ace openings at high lift 
coefficients. At lift coefficients about the same value 
as that at the high-speed condition, the locations of the 
openings co rresponded to rapidly changing sections of the 
pressur e- d i stribut io n cur v e . 

After tests had shown that this slot caused consider- 
able increase in the drag at high speed, tests were made 
on a model with slot 2 having the openings located far- 
ther back from the leading edge on the surfaces of the 
plain airfoil (see figs, 1 and 3), and it was thought that 
the increase in drag would be less than for slot 1. This 
slot had also equal pressures at the slot openings at. 

- 0 • 2 but a much smaller pressure difference at the 
high lift coefficients than slot 1 as shown by the pres- 
sure-distribution curve for the plain wing* (See fig. 1,) 

Tests, - The force tests were made at a dynamic pres- 
sure of 16,37 pounds per square foot which corresponds to 
a speed of 80 miles per hour at sea level under standard 
atmospheric conditions, and to a Reynolds Number of 609,000. 
The following force tests were made on each model: With 
the slot open tests were run at angles of attack from -5° 
to 30 , The lift, drag, and pit ching-moment coefficients 
were measured in these tests. Test points were taken at 
a s\if f icient number of angles to get well-defined curves; 
and at 1° intervals from -5° to 0° angle of attack three 
readings were taken at each angle to insure greater accu- 
racy in obtaining this portion of the polar. The same 
tests were then repeated with the slot sealed at top and 
bottom to the original wing contour* Tests were also made 
on each model from -5° to 0° angle of attack in which only 
the lift and drag coefficients were measured with the slot 
sealed at either the top or bottom to determine, if possi- 
ble, the individual contributing factors of the drag in- 
crease. 
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In addition to the foregoing force tests, smoke-flow 
tests were made in which titanium tetrachloride was intro- 
duced ahead of the slot and the flow was observed sit- sev- 
eral angles of attack near the angle of attack correspond- 
ing to a lift coefficient of 0.2. These tests were mad® 
at a Reynolds llumber of about 91,500 "because at higher 
speeds the smoke flow could not he satisfactorily observed. 



RESULTS AlTD DISCUSSION 



When titanium tetrachloride was introduced on each 
model ahead of the slot openings, the smoke patterns 
showed clearly that the condition of no flow through the 
slot at a designated lift could he realized. At the lift 
coefficient intended for equal static pressures at the slot 
openings ( = 0.2), a pulsating flow was observed in 
slot 1 surging in and spilling out at each opening and de- 
veloping additional turbulence. There was no definite or 
steady flow of air through the slot. The only noticeable 
effect of slot 2 was the development of a slight addition- 
al turbulence at the entrance and exit openings. These 
smoke-flow observations indicate that the surface discon- 
tinuities caused by slot openings are sources of turbu- 
lence and hence of drag increases. Furthermore, .such dis- 
continuities in the high-slope regions of the pressure 
distribution, as for slot 1 (see fig. l) f are sources of 
the greater disturbance in that they allow air to move in 
and out . of the. slot. 

The aerodynamic characteristics of the two Clark Y 
wing models with slots 1 and 2 compared with those of the 
plain wing are presented in figures 2 and 3, respectively. 
In each instance the plain wing used for comparison is the 
slotted model with the slot sealed. These figures show 
that the maximum lift coefficient is increased approxi- 
mately the same amount by each slot,' 22 percent by slot 1 
and 19 percent by slot 2. The minimum drag, however, is 
increased 42 percent by slot 1 and 20 percent by .-sXo.t 2. 
The lift-curve slope is reduced considerably in the low- 
lift range by both slots. At higher values of the lift 
coefficient the slope recovers, however, and for the wing 
with slot 2, it exceeds that of the plain wing. The an- 
gle of attack for maximum lift is consequently but little 
increased by slot 2 but by slot 1 it is raised from 17° to 
26°. For both slots the diving moment tends to be re- 
duced. 
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In figure 4 the term "speeds range ratio"- is employed 
in its more general application to mean speed- range ra.tio 
corresponding to any lift coefficient. The speed- range 
ratio corresponding to any lift coefficient is defined as 
the ratio of the maximum lift to . the drag at the given 
lift. It consequently indicat esv the suitability of a wing 
for high speed at a given lift coefficient. - The curves of 
this ratio against Cj, are shown,' in figure 4 for the 
wiftgs with the two equal-pressure fixed slots j and for the 
plain Clark Y wings corresponding to each slotted wing. 
As in figures 2 and 3, the plain wing used for comparison 
with each slotted wing is that slotted wing with its slots 
sealed. The discrepancies indicated between the results 
of the different plain Clark Y wings are due mainly to 
mo. del differences, from figure 4> slot 1 appears to he 
poor. The excessive effect on the drag produced by "the 
slot openings is obviously to blame. Slot 2 appears to 
be about as good with respect to speed- range ratio as the 
plain wing. 

In figures 5 and 6- the drag ■increases produced by 
equal-pressure slots 1 and 2, respectively, are analyzed. 
Polar curves are presented for various conditions of the 
slots: sealed (representing the plain Clark Y) , open at 
the lower surface, open at the upper surface, and open. 
The drag increases produced by the slot openings -are there- 
fore shown individually and also in summation for each mod- 
el, along with the drag increase due to the open slot. It 
may be noticed (more clearly for slot 1 than for slot 2) 
that the minimum drag increase produced by the open slot 
occurs at a lift coefficient of about 0,2, the design 
condition for no flow through the slot. It may be con- 
cluded that, for slots of this shape, air flow through 
the slot acts to increase the drag. The disadvantage of 
the equal-pressure slot is the large drag increases inher- 
ent in airfoil surface discontinuities such as slot open- 
ings. The drag increase due to such a discontinuity ap- 
pears to be affected by its position on the profile simi- 
larly to that of a protuberance (reference 6) , being less 
when the discontinuity is on the lower surface and when it 
is farther back from the leading edge. The fact that the 
drag for slot 2 open is lower in the low-lift range than 
the drag summation of the plain airfoil plus the slot open- 
ings must be left unexplained at present. 

It is interesting to note that, although slot 2 has 
much less pressure difference operating when near maximum 
lift (based on the pressure distribution for the plain 
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wing) than slot 1, its effect on maximum lift is almost 
•as great* Inspection of the pressures at the positions 
Of the slot openings with relation to the maximum lift for 
these slot s and for the low-drag fixed slot of reference 1 
and the trailing-edge slot of reference 2 indicates thbt 
the increase in maximum lift obtained with a fixed open - 
slot may depend more upon the value of positive pressure 
at the slot entrance than on the pressure differenca at 
maximum lift (as determined from the pressure iistriM 
of the plain wing). 

CONCLUSIONS 



1. The equal-pressure slot does not show much prom- 
ise "because of the excessive drag increase inherent in the 
surface discontinuities. The maximum lift coefficient is 
increased, as is also the angle of attack for maximum lift, 
and the speed-range ratio can reach the magnitude of that 
of the plain wing. 

2. A condition of no air flow through an open fixed 
slot at a lift coefficient corresponding to high speed is 
attainable with the equal-pressure fixed slot • 

Langley Memorial Aeronautical Laboratory , 

national Advisory Committee for Aeronautics, 
Lang ley field, Va . , October 3, 1934. 
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Figs. Z,3 



CD CSi 



w ° m 3 'jaco ui-j 






(0 
















H-H 


M 


QJ 


U 


, | 


co 




u 
m 




o 




ics 


R 


QJ fi 




Sj ^ 






'C 




QJ 




QJ 5 


u 


V. ^ 


CO 






1 QJ 


rC 


,— t ■+-» 


o 


cd U 


u 


srfc! 


>r— « 

6 


QJ 

O 




^ 8 


C 




!>. 
o 










!_ 








QJ 


, — , 


ur 


'o 


to 





^3 '^uaiOTjjaop ^jti 



f! 



N.A.C.A. Technical Note No. 507 



Figs. 




5,6 
w 

g o 
o > 
. CD 
£ O 
O CD 

03 ° 

o S> 

i — l 

o £ 



i 

CD 

0) 



2? 

O O) 
g CD 

•rH 

g 

o 

O H~( 

^ o 

CO 

w 

o ^ 



w 

I 

in 

Q) 



5 

o 



